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CASE HISTORY

Designing Cathodic 
Protection for Power 

Plant Applications 
TED HUCK, MATCOR, Inc.

 Designing cathodic protection (CP) systems for 
 buried piping in power plants and other similar 
industrial facilities offers several unique challenges. This 
article discusses these challenges and provides case 
histories to illustrate the impact they have on CP system 
design and operation. 

T
he types of anode systems 
available for cathodic pro-
tection (CP) system design 
fall into three configura-
tions: shallow distributed 
groundbeds, deep anode 
groundbeds, and linear 

anodes. Each of these can be used in 
power plant piping CP systems either 
individually or in combination. Anode 
types fall into two categories: galvanic or 
impressed current. Both are used to pro-
tect power plant piping systems. As with 
most engineering challenges, each power 
plant application is unique and there is 
no single solution that can be applied 
universally. 

Four principal considerations are cru-
cial for any CP system in a power plant. 
First is the highly congested underground 
environment that is common to most 
power plants. T e second critical factor is 
isolation in the presence of a pervasive 
copper grounding network. T ird is the 
growing use of buried stainless steel (SS) 
piping. And fi nally, perhaps the most im-
portant and yet frequently overlooked 
issue is that of maintenance or the com-
plete lack thereof. 

Congested Underground 
Environment

Power plants and other similar indus-
trial facilities typically have very con-
gested underground environments (Fig-
ure 1). T is situation greatly exacerbates 
the challenges for the CP designer. Not 
only must the designer consider the criti-
cal buried piping, but other structures 
having a signifi cant impact on the CP 
system must also be considered. Table 1 
lists some of the common underground 
structures that can infl uence, or be infl u-
enced by, the CP system design. T e con-
gested underground environment can 
adversely aff ect the CP system design. It 
can also add signifi cantly to the current 
requirements and must be accounted for 
in the CP system design. T ese under-
ground structures can shield current from 
the intended piping structures, creating 
current distribution problems. Also, 
the CP system can cause stray current-

FIGURE 1 

Congested environments are common within power plants—note the 
complete lack of soil access for testing that necessitates above-grade 
test stations. 
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induced corrosion on unintended struc-
tures because of interference. 

Electrical isolation is a major concern 
when engineers design a CP system for a 
power plant. While isolating a single pipe-
line segment from point A to point B can 
be achieved rather simply through the use 
of isolating fl anges that the pipeline com-
pany regularly tests and maintains, the 
realities of power plant piping networks 
signifi cantly complicate the practical ex-
pectation of isolation. By code, everything 
above grade in a power plant must be 
grounded, yet it is common to see CP 
systems designed based on isolation of the 
buried piping. Even if isolation is achieved 
during the plant construction, maintain-
ing isolation over the life of the facility 
may not be realistic. 

Unlike the oil and 
gas pipeline industry, 
where CP is required 

by regulation and 
compliance systems are in 
place, the power industry 

is unregulated with 
regard to CP and as such, 
CP systems are not given 

enough attention.

Given the speed with which these 
plants are erected, achieving isolation dur-
ing construction is no simple task. Once 
installed, isolation flange kits require 
regular monitoring and periodic replace-
ment that often does not occur. Piping 
modifi cations and other plant mainte-
nance activities can also cause an inadver-
tent loss of isolation. Reliance on isolation 
over the life of the facility may drastically 
reduce the CP system design require-
ments, but at what cost should that isola-
tion be lost? 

Buried Stainless Steel Piping
T e growing use of buried SS piping 

for some process lines where the internal 

corrosion resistance properties of SS are 
required is an additional hurdle in the CP 
design. Extra caution must be taken when 
applying CP to SS piping according to 
NACE International Standard RP0169-
02,1 Part 6.2.2.3.4. Typical carbon steel 
(CS) piping CP applications are designed 
to ensure that a minimum threshold of 
current density (CD) (milliamps per 
square foot of surface area) is applied to 
the CS. CS piping systems can tolerate a 
wide range of over-polarization; at some 
point, excessive polarization can begin to 
cause coating failures and possibly hydro-
gen damage. With SS, however, too much 
current can actually cause piping failures, 
since the threshold for over-polarization 
is quite low. It is critical that the design 
of CP systems protecting SS piping meets 
the threshold minimum CD without 
over-polarizing any 
section of the pip-
ing system. 

Maintenance
Finally, power 

plant CP systems 
must be designed 
with the full under-
standing that these 
systems may receive 
little or no mainte-
nance for long peri-
ods of time. CP 
systems are not nec-
essary to generate 
power. They are 
rarely hooked up to 
the plant’s data-con-
trol system and as 
such are usually not 
automatically mon-

itored. Unlike the oil and gas pipeline in-
dustry, where CP is required by regulation 
and compliance systems are in place, the 
power industry is unregulated with regard 
to CP and as such, CP systems are not 
given enough attention. At times, the plant 
maintenance personnel are not even aware 
of the existence of these systems. 

CASE HISTORY NO. 1

350mW GRASS ROOTS GAS 

TURBINE POWER PLANT 

IN CHICAGO 

T is plant consists of eight combustion 
turbines, all fueled by natural gas, a switch-
yard, a power distribution center building, 
and an operations building. T e CP system 
was designed by the engineering, procure-
ment, and construction (EPC) contractor’s 
in-house CP group. T e group designed a 
series of nine deep anode groundbeds (Fig-
ure 2) to protect all of the underground 
structures without isolating the piping 
from the balance of the plant, including 
the copper grounding network. T e loca-
tion of the groundbeds was set up to 
minimize the potential for interference 
with a third-party gas transmission line 
running parallel to and 5 ft (1.5 m) from 
the plant’s southern property line. T e 
deep anode groundbeds were located along 

TABLE 1

COMMON UNDERGROUND 

STRUCTURES IN A POWER 

OR INDUSTRIAL PLANT
Copper grounding grid

Steel of reinforced concrete piles
Reinforced concrete foundations

Ductile iron piping
Storm drains and gravity-fed sewers

Electrical duct banks
Metallic fi re hydrant risers with high-density 

polyethylene (HDPE) piping
HDPE piping with metallic clamps

FIGURE 2 

Installation of a deep anode groundbed system for a power plant 
application.  
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the northern and eastern edges of the 
plant’s property line. 

Unfortunately, during installation of 
the deep anode groundbeds, bedrock was 
hit at ~30.4 m so the anodes could not be 
installed to the 45.7-m depth as originally 
designed. T e reduced depth, combined 
with the presence of a pervasive copper grid 
and the large foundations for the combus-
tion turbines, created a signifi cant current 
distribution problem with current not 
reaching the critical gas piping along the 
plant’s southwest corner. 

T e solution for this facility was to 
install a second impressed current CP 
system, consisting of ~365.8 m of linear 
anode being trenched in parallel to the gas 
supply line (Figure 3). The trenching 
process caused some damage to the copper 
grounding grid, but this was easily re-
paired after the anode installation. T e 
linear anode, located in close proximity 
to the gas pipeline, was able to quickly 
bring those sections of the pipeline back 
up to the appropriate NACE –850 mV 
polarization criteria level. 

CASE HISTORY 

NO. 2665mW 

SIMPLE CYCLE 

PEAKING FACILITY

IN CENTRAL ILLINOIS

T is power plant had a 
simple array of under-
ground structures consist-
ing of an incoming gas 
line, which ran along the 
plant’s southern edge and 
turned to the center of the 
plant where it came above 
ground to two gas treat-
ment units. From the gas 
treatment units (A and B), 
a gas line ran east, feeding 
each of four simple cycle 
gas turbines, and a separate 
gas line ran west, feeding 
another four turbines. Each 
turbine unit had its own 
individual packaged cool-
ing tower with buried cool-
ing water supply and re-
turn lines running to the 
turbine. All of the cooling 

water lines were bonded to the gas lines, 
and galvanic anodes were installed to 
protect each of the three isolated piping 
systems (incoming gas line, turbine 
group A gas and water piping, and tur-
bine group B gas and water piping). A 
simpler galvanic underground piping CP 
system could not be found in a power 
plant. 

After reading an article on CP in an 
engineering magazine, the plant manager 
decided to have his plant’s CP system 
tested. T e plant was approximately one 
year old and the EPC contractor who had 
built the plant did not or could not pro-
vide a commissioning report for the CP 
system; this left the plant manager con-
cerned—hence his desire to have a third 
party test the system. During testing, the 
incoming gas line system and the group 
B gas and water piping were operating 
according to NACE criteria. T e group A 
gas and water piping systems were not 
operating properly. T e piping system had 
either lost isolation or never had proper 
isolation, as the galvanic anodes were rap-

Installation of linear anode (upper left corner) providing 
supplemental CP to a critical service gas line within a power 
plant.

idly discharging current directly to the 
copper grounding system with no appre-
ciable eff ect on the underground piping. 
T e EPC contractor was brought back in 
to determine where isolation had been 
lost—no easy task. If the plant manager 
had not read the article and contracted 
with a third party to test the CP system, 
the anodes on group A would have 
quickly depleted, leaving the gas and wa-
ter piping vulnerable to corrosion. 

CASE HISTORY NO. 3

1,180mW COMBINED CYCLE 

GENERATING FACILITY IN 

EASTERN PENNSYLVANIA 

T is facility, consisting of two com-
bined-cycle, natural gas-fi red and steam-
driven turbine units that generate ~590 
mW each, was built on an existing brown 
fi eld site that had formerly contained a 
large steel mill and associated operations. 
T e soil suff ered from years of chemical 
contamination and the entire power plant 
was built on steel piles. T e piping system 
design was rather complex and the EPC 
contractor determined that isolation was 
not a practical consideration. T e original 
CP requirements called for a CP system 
to protect all buried metallic structures 
(piles, copper grounding systems, con-
crete foundation reinforcing steel, and 
buried metallic piping). T e projected 
current requirements exceeded 1,000 A, 
and current distribution issues posed sig-
nifi cant challenges. 

T e general contractor’s underground 
piping mechanical subcontractor was 
tasked with providing the CP and issued a 
package to bid. During the bid evaluation, 
an alternative proposal to protect only the 
buried piping was submitted using a local-
ized linear anode system. T e owner had 
no need to protect the steel piles because 
they had a signifi cant corrosion allowance 
in their design. T e linear anode-based 
system was accepted. T is alternate sig-
nifi cantly reduced the total current require-
ments from in excess of 1,000 A to <70 A, 
including allowances for current losses to 
the copper grounding system and piles, 
while providing assurance that all of the 
buried piping received proper CP. 

FIGURE 3
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Conclusions
As these case studies show, designing 

CP systems for power plants and other 
similar industrial facilities provide a 
unique set of challenges and issues. T e 
proper design of the CP systems for these 
facilities must take into consideration 
practical concerns of congested under-
ground environments, developing and 
maintaining electrical isolation, sensitive 
SS piping systems, and maintenance 
staff s that have no experience with or 
training in CP system operation and 
maintenance. 

Power plant CP systems are impor-
tant—especially with the growing num-
ber of gas-fi red facilities that have been 
and continue to be built. T e corrosion 
engineering community must continue to 
advocate for greater awareness of the need 
for CP within these facilities. Addition-

ally, CP system designers need to recog-
nize and address the unique challenges 
that these facilities present. An increasing 
awareness of CP systems combined with 
robust designs is essential to power plant 
safety as well as the safety of neighboring 
communities.
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